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(57) ABSTRACT 

An apparatus includes a valve body de?ning a chamber 
located on an aXis. The chamber has axially upper and loWer 
ends. The chamber further has upper and loWer ori?ces 
located at the upper and loWer ends through Which air can 
eXit the chamber. An upper plug is con?gured, in a closed 
position, to close the upper ori?ce. A loWer plug is con?g 
ured, in a closed position, to close the loWer ori?ce. A spring 
is compressed betWeen the plugs so as to elastically urge the 
plugs axially apart and into their respective closed positions. 
A plug displacement device is con?gured to displace the 
upper plug from its closed position against bias of the spring 
into an open position, and to displace the loWer plug from its 
closed position against the bias of the spring into an open 
position. 
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VALVE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims the bene?t of US. Provi 
sional Application No. 60/524,672, ?led Nov. 24, 2003. 

TECHNICAL FIELD 

[0002] This technology relates to ?uid control valves. 

BACKGROUND 

[0003] A pneumatic hand tool includes a tool housing. A 
rotatable shaft projects from the housing. The shaft is driven 
by a bi-directional air rnotor Within the housing. Operation 
of the motor is manually controlled by a lever pivotably 
attached to the housing. 

SUMMARY 

[0004] An apparatus includes a valve body de?ning a 
chamber located on an axis. The chamber has axially upper 
and loWer ends. The chamber further has upper and loWer 
ori?ces located at the upper and loWer ends through Which 
air can exit the chamber. An upper plug is con?gured, in a 
closed position, to close the upper ori?ce. A loWer plug is 
con?gured, in a closed position, to close the loWer ori?ce. A 
spring is compressed betWeen the plugs so as to elastically 
urge the plugs axially apart and into their respective closed 
positions. A plug displacernent device is con?gured to 
displace the upper plug from its closed position against bias 
of the spring into an open position, and to displace the loWer 
plug from its closed position against the bias of the spring 
into an open position. 

[0005] A second apparatus includes a valve body located 
on an axis. The body de?nes an axially extending channel. 
The channel includes an axially upper chamber, an axially 
lower chamber and a central charnber located betWeen the 
upper and loWer chambers. The body further de?nes an 
upper outlet port open to the upper chamber, a loWer outlet 
port open to the lower chamber, and an inlet port open to the 
central charnber. Avalve stern extends axially in the channel. 
The stern is shiftable betWeen a neutral position for isolating 
both outlet ports from the inlet port, a loWer position beloW 
the neutral position for communicating the upper outlet port 
With the inlet port, and an upper position above the neutral 
position for communicating the loWer outlet port With the 
inlet port, Without blocking the inlet port in any of the three 
positions. 
[0006] A third apparatus includes a valve body. The body 
has a channel extending along an axis and an inlet port 
communicating with the channel. Asleeve is received about 
the valve body, overlies the inlet port, and is rotatable about 
the axis relative the body. A noZZle projects radially outward 
from the sleeve. The noZZle is rotatable With the sleeve into 
a range of positions in Which the noZZle communicates with 
the inlet port through the sleeve. 

[0007] Afourth apparatus includes an elongated tool hous 
ing. The housing has a longitudinal axis, axially front and 
rear ends, and a surface extending circurnferentially about 
the longitudinal axis. An output structure is exposed through 
the front end of the housing and is rotatable about the 
longitudinal axis. A bi-directional air motor has ?rst and 
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second inlets through Which air can be directed to poWer the 
motor to drive the output structure in respectively forWard 
and rearWard directions. A valve body is supported by the 
housing. The body has an inlet port and ?rst and second 
outlet ports respectively connected to the ?rst and second 
rnotor inlets. A valve stern extends, Within the valve body, 
perpendicular to the longitudinal axis of the housing. The 
stern is linearly shiftable betWeen a ?rst activating position 
that causes the air to be discharged from the ?rst outlet port 
but not the second outlet port, a second activating position 
that causes the air to be discharged from the second outlet 
port but not the ?rst outlet port, and a neutral position, 
located betWeen the tWo activating positions, that does not 
cause the air to be discharged from either outlet port. 

[0008] A ?fth apparatus includes an elongated tool hous 
ing. The housing has a longitudinal axis, axially front and 
rear ends, a top and a bottom, and a surface extending 
circurnferentially about the axis. An output structure is 
exposed through the front end of the housing and is rotatable 
about the longitudinal axis. An elongated axially extending 
activation lever is pivotably connected to the housing With 
a pivotal axis transverse to the housing axis. The lever has 
a top surface With axially front and rear ends respectively 
forWard and rearWard from the pivotal axis. The top surface 
is convex, highest above the pivotal axis and receding to the 
front and rear ends of the lever. Aspring biases the lever into 
a neutral position. The spring enables the lever to be pivoted, 
against the bias, into a ?rst pivoted position by depressing 
the rear end and into a second pivoted position by depressing 
the front end. A motor Within the housing is con?gured to 
rotate the output structure in a forWard direction When the 
lever is in the ?rst pivoted position, in a reverse direction 
When the lever is in the second pivoted position, and in 
neither direction When the lever is in the neutral position. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] FIG. 1 is a perspective vieW of a pneumatic hand 
tool; 
[0010] FIG. 2 is a partially schernatic sectional vieW of the 
tool; 
[0011] FIG. 3 is an exploded vieW of a rear portion of the 
tool; 
[0012] FIG. 4 is an sectional vieW of the rear portion of 
the tool, including a valve and an inlet structure; 

[0013] FIG. 5 is a perspective vieW of the inlet structure; 

[0014] FIG. 6 is a sectional vieW taken at line 6-6 of FIG. 
4, illustrating rotation of the inlet structure; and 

[0015] FIGS. 7-9 are sectional vieWs similar to FIG. 4, 
illustrating three modes of operation of the valve. 

DESCRIPTION 

[0016] The apparatus 10 shoWn in FIG. 1 has parts that are 
examples of the elements recited in the claims. 

[0017] The apparatus 10 is a pneumatic hand tool, in this 
example a handheld impact wrench. It includes a housing 
20, an air inlet noZZle 24, and a rotatable output structure 26. 
An activation lever 30 is pivotably connected to the housing 
20. The lever 30 has an elongated top surface 32 With 
longitudinally opposite ends 34 and 36. The lever 30 is 
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shown in FIG. 1 in a neutral position. With the lever 30 in 
this position, the tool 10 is not activated to rotate the shaft. 
By depressing one end 36 of the lever 30, as indicated by 
arrow 41, the lever 30 is pivoted from the neutral position to 
a ?rst pivoted position. This activates the tool 10 to rotate the 
output structure 26 in a forward direction. By depressing the 
opposite end 34 of the lever 30, as indicated by arrow 43, the 
lever 30 is pivoted from the neutral position to a second 
pivoted position. This activates the tool 10 to rotate the 
output structure 26 in a reverse direction. 

[0018] The “forward” direction is an arbitrary rotational 
direction, and the “reverse” direction is a rotational direction 
opposite the forward direction. In this example, the output 
structure 26 rotates clockwise, as viewed from the rear end 
54, when the front end 34 of the lever 30 is depressed, and 
rotates counterclockwise, as viewed from the rear end 54, 
when the rear end 36 of the lever 30 is depressed. 

[0019] The housing 20 has a longitudinal axis 45 and a 
peripheral surface 50 extending circumferentially about the 
axis 45. The housing 20 further has axially front and rear 
ends 52 and 54, a top 56 and a bottom 58. The designation 
of “top” and “bottom” is made with respect to the orientation 
of the tool 10 as it is portrayed in FIG. 1. However, the tool 
10 can be used in other orientations. For example, the tool 
10 can be oriented with the front end 52 directed downward. 
Then, the “top 56” and “bottom 58” of the housing 20 would 
be facing sideways. Similarly, the tool 10 can be used in an 
orientation vertically reversed from that shown in FIG. 1. 
Then, the “top 56” of the housing 20 would be facing 
downward. 

[0020] As shown in FIG. 2, the top surface 32 of the lever 
30 is elongated in a direction parallel with the longitudinal 
axis 45 of the housing 20. The top surface 32 of the lever 30 
is convex, with a highest point 60 axially centered between 
the front and rear ends 34 and 36. From the highest point 60, 
the top surface 32 recedes to the front and rear ends 34 and 
36. The length of the lever 30 is more than half the length 
of the housing 20, de?ned by the distance between the front 
and rear ends 52 and 54 of the housing 20, and is preferably 
about two thirds the length of the housing 20. The lever 30 
is pivotably connected to the housing 20 by a pivot pin 62. 
The pin 62 is centered on a pivotal axis 63 of the lever 30, 
located directly below the highest point 60 of the lever 30 
and perpendicular to the housing axis 45. 

[0021] The rotatable output structure 26 is exposed 
through the front end 52 of the housing 20. In this example, 
the output structure 26 is an anvil protruding forward 
through the front end 52 of the housing 20. The anvil 26 is 
centered on its axis of rotation 65, which coincides with the 
longitudinal axis 45 of the housing 20. 
[0022] The anvil 26 is indirectly driven by an air motor 70 
within the housing 20. This is achieved by the motor 70 
rotating an output shaft 72, which drives a rotary impact 
hammer 74 that, in turn, rotates the anvil 26. The motor 70 
has ?rst and second inlets 81 and 82 for receiving pressur 
iZed air. Directing the pressuriZed air through the ?rst and 
second motor inlets 81 and 82 respectively powers the motor 
70 to rotate the shaft 72, and thus the anvil 26, in the forward 
and reverse directions. The air is exhausted from the motor 
70 through motor outlets 84 and exits the housing 20 through 
vents 86 in the housing 20 that are under the lever 30. 

[0023] The air for powering the motor 70 is received by 
the inlet noZZle 24. The noZZle 24 channels the pressured air 

May 26, 2005 

to a valve 100. The valve 100 directs the air to the motor 
inlets 81 and 82 under control of the activation lever 30. 

[0024] The valve 100 includes a valve body 102. The 
valve body 102 extends along a valve axis 105 that perpen 
dicularly intersects the rotational axis 65 of the anvil 26. The 
body 102 has ?at axially top and bottom surfaces 112 and 
114. As explained above with reference to the tool 10, this 
designation of “top” and “bottom” is made with respect to 
the orientation of the valve 100 as depicted in FIG. 2. The 
body 102 further has a generally cylindrical side surface 120 
centered on the valve axis 105. 

[0025] The body 102 is supported by upper and lower 
valve-retaining structures 122 and 124 of the housing 20. As 
shown in FIG. 3, these upper and lower structures 122 and 
124 have upper and lower radially-inwardly facing cylin 
drical surfaces 126 and 128 de?ning upper and lower bores 
132 and 134. The valve body 102 is closely received in the 
bores 132 and 134, with the inwardly-facing surfaces 126 
and 128 engaging the valve side surface 120 about the entire 
circumference of the valve side surface 120. The valve body 
102 is ?xed in place by a pin 136 that extends through a bore 
137 in the upper valve-retaining structure 122 and engages 
a groove 138 in the valve side surface 120. This prevents 
axial and rotational movement of the body 102 relative to the 
housing 20. 

[0026] As shown in FIG. 4, the valve body 102 has a 
channel 140 centered on the valve axis 105. The channel 140 
extends axially downward from an opening 141 in the top 
surface 112 of the valve body 102 to a ?oor 144 within the 
valve body 102. The channel 140 includes upper and lower 
chambers 152 and 154 and a central chamber 156 located 
between the upper and lower chambers 152 and 154. These 
chambers 152, 154 and 156 are de?ned by respective upper, 
lower and central surfaces 162, 164 and 166 of the valve 
body 102. 

[0027] An inlet port 170 is open to the central chamber 
156. Proximal and distal upper outlet ports 172 and 174 are 
open to the upper chamber 152. Similarly, proximal and 
distal lower outlet ports 182 and 184 are open to the lower 
chamber 154. Each proximal port 172 and 182 is axially 
closer to the central chamber 156 than the corresponding 
distal port 174 and 184. The inlet port 170 is located axially 
between the upper and lower proximal outlet ports 172 and 
182. Although the outlet ports 172, 174, 182 and 184 are 
portrayed in this example as being circumferentially aligned 
with each other, they can alternatively be circumferentially 
displaced from each other. 

[0028] A system of air lines 186 connects the upper and 
lower proximal ports 172 and 182 respectively to the ?rst 
and second motor inlets 81 and 82 (FIG. 2), and connects 
both distal ports 174 and 184 to the housing vents 86. 

[0029] An upper ori?ce 192 is located at an upper end 193 
of the central cavity 156. It enables ?uid ?ow from the 
central chamber 156 into the upper chamber 152. Similarly, 
a lower ori?ce 194, located at a lower end 195 of the central 
cavity 156, enables ?uid ?ow from the central chamber 156 
into the lower chamber 154. Each ori?ce 192 and 194 is 
surrounded by a valve seat 196 and 198, comprising an 
annular edge of the body 102, centered on the valve axis 
105. 

[0030] A closure assembly 200 is located in the central 
chamber 156. The closure assembly 200 includes an upper 
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plug 202, a lower plug 204 and a spring 206 extending 
axially from the upper plug 202 to the loWer plug 204. In 
FIG. 4, the upper plug 202 is shown in a closed position. In 
the closed position, the upper plug 202 closes the upper 
ori?ce 192, thereby blocking ?uid ?oW from the central 
chamber 156 to the upper chamber 152. Similarly, the loWer 
plug 204 is shoWn in a closed position in Which it closes the 
loWer ori?ce 194. In this example, each plug 202 and 204 is 
a rubber plug With a frusto-conical surface 208 con?gured to 
sealingly mate With the respective valve seat 196 and 198. 

[0031] The spring 206 is axially compressed betWeen the 
plugs 202 and 204. It elastically urges the plugs 202 and 204 
axially apart and into their respective closed positions. With 
both plugs 202 and 204 in their closed positions, as shoWn 
in FIG. 4, the valve 100 is in a neutral condition. In this 
example, the spring 206 is a coil spring. In an alternative 
example, the plugs 202 and 204 and the spring 206 can be 
molded as a one-piece structure having a uniform elasto 
meric composition. The plugs 202 and 204 are urged into 
their closed positions also by pressuriZed air entering the 
central chamber 156 from the inlet port 170. 

[0032] A plug displacement device 210 is con?gured to 
displace the upper plug 202 from its closed position, against 
bias of the spring 206, into an open position. The device 210 
is further con?gured to displace the loWer plug 204 from its 
closed position, against the spring bias, into an open posi 
tion. In this example, the plug displacement device 210 is a 
valve stem extending in the channel 140. The stem 210 is 
centered on and extends along the valve axis 105. The stem 
210 has a projecting section 212 that projects upWard from 
the valve body 102 toWard and into connection With the 
lever 30. Abore 213 in the projecting section 212 receives 
a pin 214 secured to the lever 30. The bore 213 is located 
rearWard of the pivotal axis 63 (FIG. 2). It is diametrically 
larger than the pin 214 to provide suf?cient play to accom 
modate the difference in motion betWeen the arcuate pivotal 
motion of the lever 30 and linear motion of the stem 210. 

[0033] The stem 210 is closely received by the plugs 202 
and 204 so as to keep the plugs 202 and 204 aligned With 
their respective ori?ces 192 and 194 as the plugs 202 and 
204 slide along the stem 210 betWeen their open and closed 
positions. The stem 210 is also received by the spring 206 to 
limit lateral movement of the spring 206. 

[0034] The stem 210 has upper and loWer abutment sur 
faces 222 and 224 axially facing each other. The upper 
abutment surface 222 is located above the upper plug 202 
and is con?gured to push the upper plug 202 doWnWard into 
its open position. The loWer abutment surface 224 is located 
beloW the loWer plug 204 and is con?gured to push the loWer 
plug 204 upWard into its open position. The abutment 
surfaces 222 and 224 are simultaneously close to their 
respective plugs 202 and 204 When the plugs 202 and 204 
are in their closed positions. Accordingly, the spring bias of 
both plugs 202 and 204 into their closed positions biases the 
stem 210 into a neutral position shoWn in FIG. 4. The spring 
bias Will alWays return the stem 210, from either above or 
beloW, to the neutral position upon removal of an outside 
force displacing the stem 210. 

[0035] The stem 210 further has upper and loWer lands 
232 and 234 that respectively sealingly engage the upper and 
loWer chamber surfaces 162 and 164 about the entire cir 
cumferences of the upper and loWer chamber surfaces 162 
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and 164. The close ?t of the upper and loWer lands 232 and 
234 Within the respective chambers 152 and 154 prevents 
lateral movement, but not axial movement, of the stem 210. 
Additionally, the upper land 232 blocks air from escaping 
out of the upper chamber 152 through the opening 141 in the 
top surface 112 of the valve body 102. 

[0036] The stem 210 has upper and loWer narroWed sec 
tions 242 and 244. The upper narroWed section 242 extends 
axially from the upper land 232 to the upper abutment 
surface 222. Similarly, the loWer narroWed section 244 
extends from the loWer land 234 to the loWer abutment 
surface 224. The narroWed sections 242 and 244 are laterally 
spaced from the corresponding chamber surfaces 162 and 
164. They thus provide upper and loWer axial ?oW spaces 
245 and 247 respectively located Within the upper and loWer 
chambers 152 and 154. The upper axial ?oW space 245 
communicates With the central chamber 156 only When the 
upper plug 202 is in its open position. Similarly, the loWer 
axial ?oW space 247 communicates With the central chamber 
156 only When the loWer plug 204 is in its open position. 

[0037] Asleeve 250 is received about the valve body 102. 
As shoWn in FIG. 5, the sleeve 250 has top and bottom 
surfaces 252 and 254 and a side surface 256. The side 
surface 256 includes ?rst, second and third ?at sections 261, 
262 and 263, and a arcuate section 264 extending partially 
about the valve axis 105. A cylindrical inner surface 266 of 
the sleeve 250 de?nes a bore 269. 

[0038] As shoWn in FIG. 4, the sleeve 250 is captured by 
and betWeen the upper and loWer valve-retaining structures 
122 and 124 of the housing 20. This positions the sleeve 250 
such that it is axially betWeen the upper and loWer proximal 
ports 172 and 182 and overlies the inlet port 170. Upper and 
loWer O-rings 272 and 274 are seated in respective grooves 
282 and 284 in the valve side surface 120. The O-rings 272 
and 274 seal the sleeve 250 to the valve body 102 about the 
full circumference of valve body 102, both above and beloW 
the inlet port 170. 

[0039] The side surface 120 of the valve body 102 has a 
circumferentially extending undercut 290, located axially 
betWeen the O-ring grooves 282 and 284. This provides a 
circumferential ?oW space 299 de?ned by and betWeen the 
inner surface 266 of the sleeve 250 and side surface 120 the 
valve body 102. The circumferential ?oW space 293 is 
sealed from above and beloW by the upper and loWer O-rings 
272 and 274. Despite the O-ring seal, the sleeve 250 can 
rotate about the valve axis 105 relative to the valve body 
102. 

[0040] As shoWn in FIG. 6, the noZZle 24 is tubular, With 
an inner surface 302 de?ning a noZZle bore 303. The noZZle 
24 projects radially outWard from the sleeve 250 such that 
the noZZle bore 303 extends radially outWard from the 
axially extending bore 269 of the sleeve 250. In this 
example, the noZZle 24 and the sleeve 250 are molded 
together as a one-piece inlet structure 308. 

[0041] The noZZle 24 is rotatable With the sleeve 250 into 
a range of positions indicated by arroW 321. The range is 
limited by abutment of the ?rst and third ?at side surface 
sections 261 and 263 of the sleeve 250 With an abutment 
surface 330 the housing 20. The range is about 180 degrees. 
It extends from a ?rst end position 341 to a second end 
position 342, With a center position 343 in-betWeen. 
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Throughout the range of positions, the nozzle 24 commu 
nicates With the inlet port 170 through the sleeve 250. 

[0042] In its center position 343, the noZZle 24 extends 
directly rearward from the rear end 54 (FIG. 4) of the 
housing 20. The noZZle 24 and its bore 303 are located on 
and extend along the rotational axis 65 of the anvil 26 (FIG. 
2). The noZZle bore 303 is aligned With the inlet port 170, so 
that air can ?oW directly through the noZZle bore 303 into the 
inlet port 170. 

[0043] In contrast, in the tWo end positions 341 and 342 of 
the noZZle 24, the noZZle bore 303 does not overlap the inlet 
port 170. But the noZZle 24 still communicates With the inlet 
port 170 through the circumferential ?oW space 299 betWeen 
the sleeve 250 and the valve body 102. 

[0044] As shoWn in FIG. 4, components of the valve 100 
are preferably located as folloWs. The valve body 102, the 
stem 210, the inlet port 170 and the sleeve 250 are all located 
on the rotational axis 65 of the anvil 26. The upper outlet 
ports 172 and 174 are located across the anvil axis 65 from 
the loWer outlet ports 182 and 184. The valve stem 210 
extends past the noZZle 24 in that it extends both above and 
beloW the noZZle 24. The noZZle 24 is located axially 
betWeen the upper and loWer proximal outlet ports 172 and 
182. 

[0045] Operation of the tool 10 is exempli?ed by the 
folloWing steps. First, referring to FIG. 1, a user grasps the 
tool 10 by Wrapping a hand circumferentially about the 
peripheral surface 50 (FIG. 1) of the housing 20. The user’s 
thumb overlies the housing bottom 58. The index ?nger and 
little ?nger can overly the front and rear ends 34 and 36 
respectively, or vice versa. 

[0046] In this example, the valve 100 is initially in the 
neutral condition shoWn in FIG. 7. This condition is char 
acteriZed by the folloWing features: Both plugs 202 and 204 
are biased into their closed positions by the spring 206, 
thereby sealing off the upper and loWer chambers 152 and 
154 from the central chamber 156. Abutment of both plugs 
202 and 204 against both stem abutment surfaces 222 and 
224 biases the stem 210 into its neutral position. This, in 
turn, biases the lever 30 into its neutral position. The upper 
ports 172 and 174 communicate With each other through the 
upper axial ?oW space 245 in the upper chamber 152, as 
indicated by arroW 351. Similarly, the loWer ports 182 and 
184 communicate With each other through the loWer axial 
?oW space 247 in the loWer chamber 154, as indicated by 
arroW 353. This causes both motor inlets 81 and 82 to 
communicate With the vents 86 (FIG. 2) to the atmosphere. 
PressuriZed air is communicated by the noZZle 24 to the 
central chamber 156. HoWever the pressuriZed air is isolated 
from all four outlet ports 172, 174, 182 and 184 by the tWo 
ori?ces 192 and 194 being blocked, Without the inlet port 
170 being blocked. 

[0047] From its neutral position shoWn in FIG. 7, the lever 
30 can be pivoted into the ?rst pivoted position shoWn in 
FIG. 8. This is achieved by manually depressing the rear end 
36 of the lever surface 32 as indicated by arroW 361. This 
moves the lever 30 against the spring bias into the ?rst 
pivoted position. In turn, the stem 210 is pushed, against the 
spring bias, linearly doWnWard from its neutral position into 
a loWer position. The valve 100 is thus shifted into a ?rst 
open condition shoWn in FIG. 8. 

May 26, 2005 

[0048] This ?rst open condition is characteriZed by the 
folloWing features: The upper plug 202 is in its open 
position. The loWer plug 204 is in its closed position. 
Accordingly, the central chamber 156 communicates With 
the upper chamber 152 and the proximal upper port 172 as 
indicated by arroW 365, but not With the loWer chamber 154. 
The distal upper port 174 is blocked by the upper land 232. 
The loWer ports 182 and 184 communicate With each other 
through the loWer axial ?oW space 247 in the loWer chamber 
154, as indicated by arroW 367. As indicated by arroW 369, 
the pressuriZed air is channeled to the ?rst motor inlet 81. 
This poWers the motor 70 to drive the output shaft 72 (FIG. 
2), and indirectly the anvil 26, in the forWard direction. The 
second motor inlet 82 communicates With the vents 86 to the 
atmosphere. 
[0049] Next, in this example, the lever 30 is released. In 
the absence of the manual external force, the spring 206 
biases the plugs 202 and 204 back into their normally-closed 
positions, as shoWn in FIG. 7. This, in turn, urges the stem 
210 upWard into its neutral position, Which urges the lever 
30 pivotally forWard into its neutral position. 

[0050] From its neutral position shoWn in FIG. 7, the lever 
30 can be pivoted into the second pivoted position shoWn in 
FIG. 9. This is achieved by manually depressing the front 
end 34 (FIG. 2) of the lever top surface 30, Which raises the 
rear end 36, as indicated by arroW 371. This moves the lever 
30 against the spring bias into the second pivoted position. 
The stem 210 is pulled, against the spring bias, linearly 
upWard from its neutral position into an upper position. The 
valve 100 is thus shifted into a second open condition shoWn 
in FIG. 9. 

[0051] The second open condition is characteriZed by the 
folloWing features: The upper plug 202 is in its closed 
position. The loWer plug 204 is in its open position. Accord 
ingly, the central chamber 156 communicates With the loWer 
chamber 154 and the proximal loWer port 182 as indicated 
by arroWs 375, but not With the upper chamber 152. The 
distal loWer port 184 is blocked and isolated from the central 
chamber 156 by the loWer land 234. The upper ports 172 and 
174 communicate With each other through the upper axial 
?oW space 245 in the upper chamber 152, as indicated by 
arroW 377. As indicated by arroW 379, the pressuriZed air is 
channeled to second motor inlet 82. This poWers the motor 
70 to drive the output shaft 72 (FIG. 2), and indirectly the 
anvil 26, in the reverse direction. The ?rst motor inlet 82 
communicates With the vents 86 to the atmosphere. The inlet 
port 170 is not blocked in any of the three conditions of the 
valve 100. 

[0052] Next, in this example, the lever 30 is released. In 
the absence of the manual external force, the spring 206 
biases the plugs 202 and 204 back into their closed positions 
shoWn in FIG. 7. This, in turn, urges the stem 210 doWnWard 
into its neutral position, Which urges the lever 30 pivotally 
rearWard into its neutral position. 

[0053] This Written description uses examples to disclose 
the invention, including the best mode, and also to enable 
any person skilled in the art to make and use the invention. 
The patentable scope of the invention is de?ned by the 
claims, and may include other examples that occur to those 
skilled in the art. Such other examples are intended to be 
Within the scope of the claims if they have elements that do 
not differ from the literal language of the claims, or if they 
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include equivalent structural elements With insubstantial 
differences from the literal language of the claims. 

1. An apparatus comprising: 

a valve body including a chamber, located on an axis, 
having axially upper and loWer ends and upper and 
loWer ori?ces located at the upper and loWer ends 
through Which air can exit the chamber; 

an upper plug con?gured, in a closed position, to close the 
upper ori?ce; 

a loWer plug con?gured, in a closed position, to close the 
loWer ori?ce; 

a spring compressed betWeen the plugs so as to elastically 
urge the plugs axially apart and into their respective 
closed positions; and 

a plug displacement device con?gured to displace the 
upper plug from its closed position against bias of the 
spring into an open position, and to displace the loWer 
plug from its closed position against the bias of the 
spring into an open position. 

2. The apparatus of claim 1 having a neutral condition in 
Which both plugs are in their closed positions, a ?rst open 
condition in Which only the upper plug is in its open 
position, and a second open condition in Which only the 
loWer plug is in its open position. 

3. The apparatus of claim 1 Wherein the spring is a coil 
spring. 

4. The apparatus of claim 1 Wherein the valve body further 
includes an annular valve seat surrounding each of the upper 
and loWer ori?ces, and each of the upper and loWer plugs has 
a frusto-conical surface con?gured to mate With the respec 
tive valve seat. 

5. The apparatus of claim 1 Wherein the plug displacement 
device comprises a valve stem extending axially through 
both ori?ces and having upper and loWer abutment surfaces, 
the upper abutment surface being located above the upper 
plug and con?gured to push the upper plug doWnWard into 
its open position, and the loWer abutment surface being 
located beloW the loWer plug and con?gured to push the 
loWer plug upWard into its open position. 

6. The apparatus of claim 5 Wherein the stem is closely 
received by the upper and loWer plugs so as to keep the plugs 
aligned With their respective ori?ces as the plugs slide 
axially betWeen their open and closed positions. 

7. The apparatus of claim 5 Wherein the stem extends 
axially through the spring. 

8. The apparatus of claim 5 Wherein the stem has a 
projecting section that projects upWard from the valve body 
and by Which the stem can be pushed doWnWard to push the 
upper plug into its open position and pulled upWard to push 
the loWer plug into its open position. 

9. The apparatus of claim 5 Wherein both abutment 
surfaces are simultaneously adjacent to their respective 
plugs When the plugs are in their closed positions, such that 
the biasing of both plugs into their closed positions by the 
spring biases the stem into a neutral position. 

10. The apparatus of claim 1 Wherein the valve body 
further includes an upper chamber extending upWard from 
the upper ori?ce, a loWer chamber extending doWnWard 
from the loWer ori?ce, proximal and distal upper ports open 
to the upper chamber, and proximal and distal loWer ports 
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open to the loWer chamber, each proximal port being axially 
closer to the central chamber than the corresponding distal 
port. 

11. The apparatus of claim 10 Wherein the plug displace 
ment device comprises a valve stem extending through both 
ori?ces, and the valve has a neutral condition in Which the 
stem is in a neutral position, both plugs are in their closed 
positions, the upper ports communicate With each other 
through the upper chamber, and the loWer ports communi 
cate With each other through the loWer chamber. 

12. The apparatus of claim 11 Wherein the valve is 
shiftable from the neutral condition into a ?rst open condi 
tion, by loWering the stem, in Which the upper plug is in its 
open position, the loWer plug is in its closed position, the 
distal upper port is blocked by the stem, the proximal upper 
port communicates With the central chamber, and the loWer 
ports communicate With each other through the loWer cham 
ber. 

13. The apparatus of claim 12 Wherein the valve is 
shiftable from the neutral condition into a second open 
condition, by raising the stem, in Which the upper plug is in 
its closed position, the loWer plug is in its open position, the 
upper ports communicate With each other through the upper 
chamber, the proximal loWer port communicates With the 
central chamber, and the distal loWer port is isolated from 
the proximal loWer port and the central chamber by the stem. 

14. The apparatus of claim 13 further including a tool 
housing, an air inlet noZZle, a bi-directional air motor, an 
output shaft, and a vent to the atmosphere all interconnected 
as parts of a unitary handheld tool, Wherein the motor has 
?rst and second inlets through Which air is directed to poWer 
the motor to drive the shaft respectively in forWard and 
reverse directions, the valve body further has an inlet port 
open to the central chamber and connected to the noZZle, the 
upper and loWer proximal ports are respectively connected 
to the ?rst and second motor inlets, and the distal ports are 
connected to the vent. 

15. The apparatus of claim 1 Wherein the valve body 
includes an inlet port communicating With the chamber, and 
the apparatus further includes a sleeve sealed about the valve 
body both above and beloW the inlet port and rotatable about 
the axis relative to the valve body, and an inlet noZZle that 
projects radially outWard from the sleeve and communicates 
With the inlet port through the sleeve. 

16. An apparatus comprising: 

a valve body located on an axis and de?ning an axially 
extending channel that includes an axially upper cham 
ber, an axially loWer chamber, a central chamber 
located betWeen the upper and loWer chambers, and 
further de?ning an upper outlet port open to the upper 
chamber, a loWer outlet port open to the loWer chamber, 
and an inlet port open to the central chamber; and 

a valve stem extending axially in the channel and shiftable 
betWeen a neutral position for isolating both outlet 
ports from the inlet port, a loWer position beloW the 
neutral position for communicating the upper outlet 
port With the inlet port, and an upper position above the 
neutral position for communicating the loWer outlet 
port With the inlet port, Without blocking the inlet port 
in any of the three positions. 

17. The apparatus of claim 16 further comprising a second 
upper outlet port open to the upper chamber and spaced 
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above the upper outlet port, and further comprising a second 
lower outlet port open to the loWer chamber and spaced 
below the loWer outlet port. 

18. The apparatus of claim 17 Wherein the body and the 
stem are together con?gured such that, When the stem is in 
the neutral position, the upper outlet ports communicate 
With each other but not With the inlet port, and the loWer 
outlet ports communicate With each other but not With the 
inlet port. 

19. The apparatus of claim 17 Wherein the body and the 
stem are together con?gured such that, When the stem is in 
the loWer position, the second upper outlet port is blocked by 
the stem, the ?rst upper outlet port communicates With the 
inlet port, and the loWer outlet ports communicate With each 
other but not With the inlet port. 

20. The apparatus of claim 17 Wherein the body and the 
stem are together con?gured such that, When the stem is in 
the upper position, the upper outlet ports communicate With 
each other but not With the inlet port, the ?rst loWer outlet 
port communicates With the inlet port, and the second loWer 
outlet port is isolated from the inlet port by the stem. 

21. An apparatus comprising: 

a valve body having a channel extending along an axis 
and an inlet port open to the channel; 

a sleeve received about the valve body, overlying the inlet 
port, and rotatable about the axis relative the body; and 

a noZZle projecting radially outWard from the sleeve and 
being rotatable With the sleeve into a range of positions 
in Which the noZZle communicates With the inlet port 
through the sleeve. 

22. The apparatus of claim 21 further comprising tWo 
outlet ports, With the noZZle located axially betWeen the tWo 
outlet ports. 

23. The apparatus of claim 21 further comprising a valve 
stem extending, in the channel, past the noZZle. 

24. The apparatus of claim 21 including a circumferen 
tially extending ?oW space de?ned by and betWeen the 
sleeve and the valve body, through Which the noZZle can 
communicate With the inlet port. 

25. The apparatus of claim 21 further comprising a tool 
housing, a rotatable output structure exposed through the 
housing and an air motor in the housing operable to rotate 
the output structure, the valve body being con?gured to 
control ?uid ?oW from the noZZle to the motor. 

26. The apparatus of claim 25 Wherein the output structure 
is rotatable about a second axis, and the range of positions 
of the noZZle includes a position in Which the noZZle is 
located on and extends along the second axis. 

27. An apparatus comprising: 

an elongated tool housing having a longitudinal axis, 
axially front and rear ends, and a surface extending 
circumferentially about the longitudinal axis; 

an output structure exposed through the front end of the 
housing and rotatable about the longitudinal axis; and 

a bi-directional air motor having ?rst and second inlets 
through Which air can be directed to poWer the motor 
to drive the output structure in respectively forWard and 
rearWard directions; 

a valve body supported by the housing, having an inlet 
port and ?rst and second outlet ports respectively 
connected to the ?rst and second motor inlets; and 
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a valve stem extending, in the valve body, perpendicular 
to the longitudinal axis of the housing, the stem being 
linearly shiftable betWeen a ?rst activating position that 
causes the air to be discharged from the ?rst outlet port 
but not the second outlet port, a second activating 
position that causes the air to be discharged from the 
second outlet port but not the ?rst outlet port, and a 
neutral position, located betWeen the tWo activating 
positions, that does not cause the air to be discharged 
from either outlet port. 

28. The apparatus of claim 27 further comprising an 
activation lever pivotably connected to the housing and 
connected to the stem such that the stem can be shifted 
betWeen the three positions by pivoting the lever. 

29. The apparatus of claim 27 further comprising a spring 
Within the valve body that biases the stem into its neutral 
position. 

30. The apparatus of claim 29 Wherein the spring is 
located betWeen the ?rst and second outlet ports. 

31. An apparatus comprising: 

an elongated tool housing having a longitudinal axis, 
axially front and rear ends, a top, a bottom, and a 
surface extending circumferentially about the axis; 

an output structure exposed through the front end of the 
housing and rotatable about the longitudinal axis; 

an elongated axially extending activation lever pivotably 
connected to the housing at the top of the housing With 
a pivotal axis transverse to the housing axis, and having 
a top surface With axially front and rear ends respec 
tively forWard and rearWard from the pivotal axis, the 
top surface being convex, highest above the pivotal 
axis and receding to the front and rear ends of the lever; 

a spring that biases the lever into a neutral position, and 
enables the lever to be pivoted, against the bias, into a 
?rst pivoted position by depressing the rear end and 
into a second pivoted position by depressing the front 
end; and 

a motor Within the housing, con?gured to rotate the output 
structure in a forWard direction When the lever is in the 
?rst pivoted position, in a reverse direction When the 
lever is in the second pivoted position, and in neither 
direction When the lever is in the neutral position. 

32. The apparatus of claim 31 Wherein the housing, the 
output structure, the lever and the motor are interconnected 
as parts of a handheld tool. 

33. The apparatus of claim 31 Wherein the motor is an air 
motor. 

34. The apparatus of claim 33 further comprising a valve 
Within the housing con?gured to channel pressuriZed air to 
the motor to poWer the motor, the valve having a valve body 
and a valve stem projecting from the valve body toWard and 
into connection With the lever at a location rearWard of the 
pivotal axis. 

35. The apparatus of claim 31 Wherein the housing has a 
length, and the lever has a length greater than half the length 
of the housing. 

36. An apparatus comprising: 

an elongated tool housing having a longitudinal axis, 
axially front and rear ends, a top, a bottom, a surface 
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extending circurnferentially about the axis, and a length 
de?ned by and betWeen the front and rear ends; 

an output structure exposed through the front end of the 
housing and rotatable about the longitudinal axis; 

an elongated axially extending activation lever pivotably 
connected to the housing at the top of the housing With 
a pivotal axis transverse to the housing axis, and having 
a top surface With axially front and rear ends respec 
tively forWard and rearWard from the pivotal axis, and 
further having a length that is more than half the length 
of the housing; 

a spring that biases the lever into a neutral position, and 
enables the lever to be pivoted, against the bias, into a 
?rst pivoted position by depressing the rear end and 
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into a second pivoted position by depressing the front 
end; and 

a motor Within the housing, con?gured to rotate the output 
structure in a forWard direction When the lever is in the 
?rst pivoted position, in a reverse direction When the 
lever is in the second pivoted position, and in neither 
direction When the lever is in the neutral position. 

37. The apparatus of claim 36 Wherein the length of the 
lever is about tWo thirds the length of the housing. 

38. The apparatus of claim 36 Wherein the housing, the 
output structure, the lever and the motor are interconnected 
as parts of a handheld tool. 


